INTRODUCTION
============

Core muscle acts as the center of almost all kinetic chains. A stable and strong core muscle contributes to the effective use of limbs. Core muscle stability refers to the ability of the lumbopelvic-hip complex in preventing buckling of the vertebrae and facilitating the return of unstable vertebrae to a normal position \[[@b1-arm-2018-42-5-652]-[@b3-arm-2018-42-5-652]\].

Stroke can cause a variety of impairments, such as muscle weakness and decline of balance function, and increase the risk of falls and decrease the ability to perform activities of daily living (ADL) \[[@b4-arm-2018-42-5-652]-[@b6-arm-2018-42-5-652]\].

Several studies have shown that core muscle exercises in stroke patients improved trunk muscle strength and postural stability \[[@b7-arm-2018-42-5-652]-[@b9-arm-2018-42-5-652]\]. Kim et al. \[[@b10-arm-2018-42-5-652]\] reported that neuromuscular electrical stimulation (NMES) improved trunk stability in acute and subacute stroke patients. Ko et al. \[[@b6-arm-2018-42-5-652]\] reported that a combination of core muscle strengthening exercise (CME) and NMES to back muscles improved patients' postural stability more than either therapy alone. Fujita et al. \[[@b9-arm-2018-42-5-652]\] showed that abdominal muscle strengthening exercise improves the performance of ADL. However, few studies evaluated the effects of NMES to abdominal muscles in maintaining postural balance.

The aim of this study was to compare the effects of NMES to abdominal and back muscles on postural balance in post-stroke hemiplegic patients.

MATERIALS AND METHODS
=====================

Participants
------------

The inclusion criteria were as follows: (1) subjects who were diagnosed with stroke, indicated by magnetic resonance imaging or computed tomography, and an onset time of less than 6 months; (2) subjects who had no previous history of stroke; and (3) subjects who maintained static sitting balance for more than 5 minutes. The exclusion criteria were as follows: (1) subjects with vestibular, orthopedic, medical or other neurologic conditions affecting postural stability; (2) subjects who were uncooperative because of severe aphasia or cognitive impairment; (3) subjects with uncontrolled medical conditions; (4) subjects with neglect syndromes; and (5) subjects with implanted pacemakers of defibrillators.

The sample size was calculated using the G\*Power version 3.1.9.2 (<http://www.gpower.hhu.de/>). The power was set at 0.80, with an alpha of 0.05, and effect size 0.70. Assuming an attrition rate of 20%, an estimated total sample size of 30 (10 per each group) was needed.

A total of 32 subjects were randomly assigned to three groups by selecting the card with the group number in the invisible box: CME with NMES on abdominal muscles (group A, n=11), CME with NMES on back muscles (group B, n=11), and CME alone (group C, n=10). However, one subject from group A dropped out due to aspiration pneumonia, and a follow-up loss in group B occurred due to early discharge before the study completion. Thus, 30 subjects completed the study and were analyzed ([Fig. 1](#f1-arm-2018-42-5-652){ref-type="fig"}).

All participants were informed of the procedures, and objectives of the study. The study protocol was approved by the Institutional Review Board of Soonchunhyang University Bucheon Hospital (No. SCHBC2017-09-003).

Intervention
------------

All subjects underwent conventional stroke rehabilitation program consisting of physical and occupational therapy including range of motion exercises, aerobic exercise, strengthening exercise, sitting and standing balance training using mirror or balance board, basic and instrumental ADL training, progressive gait and functional ambulation training. Cognitive or speech therapy was added as needed.

In addition to conventional rehabilitation, all three groups underwent their targeted interventions for 30 minutes each day, 5 days per week for 3 weeks. The CME program and the location of NMES attachment in abdominal and back muscles were similar to those reported in recently published trials \[[@b6-arm-2018-42-5-652],[@b11-arm-2018-42-5-652]\].

NMES (Microstim; SejinMT Co. Ltd., Seoul, Korea) was administered at 30--70 mA intensity, 250 ms pulse width, and 35 Hz frequency for 10 seconds followed by a pause of 12 seconds to the abdominal muscles (group A) and the back muscles (group B) during the CME. The intensity of stimulation was set to the maximum amount at which patients felt muscle contractions without pain sensation or fatigue. In group A, electrodes were attached 1 cm superior to the iliac crest along the mid-axillary line, and 2 cm superior and 2 cm medial to the anterior superior iliac spine, bilaterally ([Fig. 2](#f2-arm-2018-42-5-652){ref-type="fig"}). In group B, electrodes were attached to the bilateral thoracic erector spinae (5 cm lateral to the T6 spinous process) and lumbar erector spinae (2 cm lateral to the L5 spinous process) ([Fig. 3](#f3-arm-2018-42-5-652){ref-type="fig"}). All electrodes measured 5×5 cm in size.

The CME program consisted of the following exercises, listed by position: (1) supine position---bridge exercise, segmental rotation, dead bug exercise; (2) prone position---plank exercise, belly blaster, bird dog exercise; and (3) lateral position---side plank exercise, side bridge exercise.

Exercise intensity was increased gradually according to the patients' individual levels of tolerance.

Outcome measures
----------------

All outcome measurements were assessed just before and 3 weeks after intervention.

Scores on the Korean version of Berg Balance Scale (KBBS; score range 0--56) and Trunk Impairment Scale (TIS; score range 0--23) for postural balance, and Korean version of Modified Barthel Index (K-MBI; score range 0--100) for ADL were used as the primary outcome to confirm the effectiveness of the intervention and compared with previous studies.

For secondary outcome, Weight Distribution Index (WDI) and Stability Index (SI) were evaluated using Tetrax (Sunlight Medical Ltd., Israel) ([Fig. 4](#f4-arm-2018-42-5-652){ref-type="fig"}). WDI indicates a significant discrepancy from equal weight distribution. SI suggests general stability and ability to compensate for problems, and the higher the score, the lower the stability. Each parameter was expressed by comparison with the mean, in units of standard deviation (SD). The normal range varies from 1.0 SD below the mean to 1.5 SD above.

Statistical analysis
--------------------

The SPSS (Statistical Package of Social Science) version 14.0K for Windows (SPSS Inc., Chicago, IL, USA) was used to analyze data and the level of statistical significance was set to p\<0.05. For baseline characteristics, we used the Kruskal-Wallis test for continuous variables and Fisher exact test for categorical variables. The results were reported as a number on a categorical scale, and as the mean±SD on continuous scale. The Wilcoxon signedrank test was used to compare each group before and after treatment. The Kruskal-Wallis test was used to compare the effects of interventions among the three groups, and the Mann-Whitney U-test with the Bonferroni correction was used for post-hoc analysis. We set a level of statistical significance at p\<0.05 for the Kruskal-Wallis test, and p\<0.017 for the Mann Whitney U-test.

RESULTS
=======

No significant differences were detected in demographic or clinical characteristics of subjects between the groups (p\>0.05) ([Table 1](#t1-arm-2018-42-5-652){ref-type="table"}). All subjects completed the entire study without any side effects associated with intervention. However, since the post-urographic test using Tetrax for secondary outcome was conducted in only those who achieved static standing without holding, 8 subjects in group A, 7 subjects in group B, and 8 subjects in group C were evaluated.

No significant differences were observed in the baseline outcomes among the three groups (p\>0.05). Comparison of each of the three groups before and after treatment revealed statistically significant changes in K-BBS, TIS, KMBI, WDI, and SI in all groups (p\<0.05) ([Table 2](#t2-arm-2018-42-5-652){ref-type="table"}).

Improvements in BBS and TIS were significantly higher in groups A and B than in group C, whereas K-MBI and SI failed to show any significant difference. In the case of WDI, although not statistically significant, the possibility of group differences was observed (p=0.051). Post-hoc analysis indicated a higher improvement in in K-BBS and TIS among groups A and B compared with group C. However, no significant difference in K-BBS, TIS, K-MBI, WDI, and SI was detected between groups A and B ([Table 3](#t3-arm-2018-42-5-652){ref-type="table"}).

DISCUSSION
==========

Previous studies have focused on limb muscles for the treatment and prognosis of patients after stroke \[[@b12-arm-2018-42-5-652]-[@b14-arm-2018-42-5-652]\]. However, the importance of core muscles and the related rehabilitation therapies have recently been published \[[@b1-arm-2018-42-5-652],[@b3-arm-2018-42-5-652],[@b15-arm-2018-42-5-652]-[@b17-arm-2018-42-5-652]\]. Core muscles include the diaphragm as the roof, pelvic floor muscles as base, the abdominal muscles in front, and the paraspinalis muscles in the back \[[@b1-arm-2018-42-5-652]\]. These muscles stabilize the spine, and provide a stable support for the limbs during various activities. Core stability plays a major role in maximizing the function and is a reliable predictor of patient recovery after stroke \[[@b8-arm-2018-42-5-652]\]. The results of this study were consistent with previous findings suggesting that core muscle strengthening improves the balance or ADL of post-stroke hemiplegic patients \[[@b4-arm-2018-42-5-652],[@b6-arm-2018-42-5-652]-[@b10-arm-2018-42-5-652]\].

NMES is a technique in which muscle contraction is electrically stimulated in the area where surface electrodes are attached. It ameliorates muscle atrophy and weakness secondary to immobilization by preventing the decline in muscle protein synthesis, and improves the muscle strength via somatosensory stimulation that increases cortical excitability \[[@b18-arm-2018-42-5-652],[@b19-arm-2018-42-5-652]\]. Several studies have shown that NMES combined with core strengthening exercise yields better rehabilitative effects than NMES or strengthening exercise alone \[[@b6-arm-2018-42-5-652],[@b20-arm-2018-42-5-652],[@b21-arm-2018-42-5-652]\].

In most of the previous studies \[[@b6-arm-2018-42-5-652],[@b10-arm-2018-42-5-652]\], NMES was applied only to paraspinalis muscles. However, this study showed no significant differences between groups A and B in all outcome measures. NMES is contraindicated in patients with pressure ulcers, which are not an uncommon complication after stroke and occur mostly in the back \[[@b22-arm-2018-42-5-652]\]. Patients with postoperative wounds and scars in the back area may also have limited application of NMES to the back muscles. Therefore, NMES to the abdominal muscles may be an alternative in post-stroke hemiplegic patients for improving postural balance.

NMES may have additional benefits on the abdominal muscles. Kang et al. \[[@b23-arm-2018-42-5-652]\] reported that abdominal muscle strengthening is effective in improving pulmonary function by increasing abdominal cavity pressure and expiratory capacity. In addition, NMES to abdominal muscles may reduce low back pain by strengthening the deep lumbar stabilizer muscles \[[@b11-arm-2018-42-5-652],[@b24-arm-2018-42-5-652]\].

In this study, no significant difference was observed between groups A and B in overall outcomes, due to several possible factors. Core muscles induce trunk motion and increase stability by acting synergistically and contracting cooperatively. Further, each core muscle exhibits several functions depending on the situation. For example, the quadratus lumborum facilitates not only trunk extension but also lateral bending and even flexion \[[@b1-arm-2018-42-5-652]\]. Therefore, indirect NMES effects are observed on the overall core muscles in both cases of electrical stimulation: abdominal and back muscles. Additionally, because core muscles consist of several large and small, and superficial and deep muscles, it is almost impossible to selectively stimulate only the targeted muscle by NMES \[[@b1-arm-2018-42-5-652],[@b11-arm-2018-42-5-652]\]. Therefore, although electrodes were attached to the thoracic erector spinae and lumbar erector spinae on back muscles, and to the transverse abdominis, obliquus internus and externus on abdominal muscles \[[@b6-arm-2018-42-5-652],[@b11-arm-2018-42-5-652]\], NMES might affect other core muscles as well as the targeted muscles.

Interestingly, the group B showed higher values than group A in all outcomes. Tanaka et al. \[[@b16-arm-2018-42-5-652]\] reported that the muscle strength of trunk extension in post-stroke hemiplegic patients decreased more than in flexion. This finding suggests that strengthening the back muscle as trunk extensor was more helpful than the abdominal muscle as trunk flexor, and was consistent with our study findings. Further research is needed to investigate whether NMES to the back and abdominal muscles together with CME improves postural balance more than NMES targeted at each muscle individually in post-stroke hemiplegic patients.

A significant difference was found in the TIS as well as the K-BBS between groups B and C. This result was inconsistent with that of a previous study \[[@b6-arm-2018-42-5-652]\], which showed a significant difference between the two groups in the dynamic sitting balance subscale of the TIS, but not in the total score of the TIS. As the reason of this, the first is that total amount of intervention between the two studies was different. In the previous study, intervention was performed three times weekly for 20 minutes daily over a period of 3 weeks, although we originally planned an intervention time as 30 minutes daily, 5 days per week for 3 weeks. For the second reason, the K-BBS, TIS, and K-MBI scores of the subjects participating in our study were higher than in the study of Ko et al. \[[@b6-arm-2018-42-5-652]\] suggesting that our participants exhibited better postural stability and function than in the previous study, and these differences in baseline characteristics might have affected the results. However, it was consistent with previous studies that CME with NMES on back muscles was better than CME alone in improving the balance of the post-stroke hemiplegic patients.

When comparing the improvement of K-MBI among the three groups, no significant differences were found in our study. As reported in a previous study \[[@b6-arm-2018-42-5-652]\], this finding may be attributed to the short follow-up period.

WDI and SI measured by posturographic test using Tetrax did not show a significant difference among the three groups compared with BBS and TIS. Textrax evaluates the postural stability and has been used to improve the balance abilities in various patient populations including post-stroke patients by assessing the interaction between the pressure of four reference points \[[@b25-arm-2018-42-5-652]-[@b29-arm-2018-42-5-652]\]. This tool is conducted only in the standing state and is sensitive to variables such as fatigue and sleeplessness \[[@b30-arm-2018-42-5-652]\], which may influence these results. However, interestingly, the comparison of improvement in WDI among the three groups showed a possibility of group differences (p=0.051). A longer follow-up period and a larger sample size may yield a different outcome.

This study has the following limitations: first, due to the small number of subjects enrolled, it is difficult to generalize our results to post-stroke hemiplegic patients. Second, patients with relatively good function were enrolled. Third, since we followed up patients for only 3 weeks, the long-term effectiveness could not be determined. Fourth, as reported in other similar studies before, we could not control all the variables such as individual limb muscle strength, intensity of CME program and location of stroke that may affect the details of intervention or the results. Although we tried to reduce bias by performing all CME programs under the guidance of the physical therapist, a few patients failed to perform specific exercises due to their functional limitations and conditions. Finally, among three groups, there would be discrepancies in the degree of muscle activation as well as the intensity of NMES stimulation, because of differences in individual characteristics such as amounts of fat tissue and the motor threshold. In further studies, real time ultrasound imaging or surface electromyography would be required to identify the degree of muscle activation.

In conclusion, this is the first study that investigated the effects of NMES to abdominal muscles in postural balance, compared with those observed on the back muscles in post-stroke hemiplegic patients. Compared with CME alone, NMES to the abdominal muscles with CME is a more effective approach to rehabilitation. It also provides an alternative intervention in post-stroke hemiplegic patients contraindicated for NMES to the back muscles for improving postural balance. Further studies investigating the synergistic effects of NMES to the back and abdominal muscles are needed, adjusting the limitations of this study.
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![Flow diagram of the study. CME, core muscle strengthening exercise; NMES, neuromuscular electrical stimulation.](arm-2018-42-5-652f1){#f1-arm-2018-42-5-652}

![Surface electrodes were attached to abdominal muscles bilaterally at 4 sites. Two electrodes were attached 1 cm superior to the iliac crest along the midaxillary line, and the remaining electrodes 2 cm superior and 2 cm medial to the anterior superior iliac spine.](arm-2018-42-5-652f2){#f2-arm-2018-42-5-652}

![Surface electrodes were attached to back muscles bilaterally at 4 site. Two 5 cm lateral to the T6 spinous process, the rest 2 cm lateral to the L5 spinous process.](arm-2018-42-5-652f3){#f3-arm-2018-42-5-652}

![(A) Static posturographic device (Tetrax). (B) Four reference points (bilateral toe and heel parts) were used to determine the pressure.](arm-2018-42-5-652f4){#f4-arm-2018-42-5-652}

###### 

Demographics and baseline clinical characteristics

  Variable                  Group A (n=10)   Group B (n=10)   Group C (n=10)   p-value^[a)](#tfn1-arm-2018-42-5-652){ref-type="table-fn"}^
  ------------------------- ---------------- ---------------- ---------------- -------------------------------------------------------------
  Age (yr)                  59.4±11.74       68.6±13.57       57.5±11.84       0.121
  Sex                                                                          
   Male                     6 (60)           6 (60)           9 (90)           0.297
   Female                   4 (40)           4 (40)           1 (10)           
  Hemiside                                                                     
   Right                    4 (40)           2 (20)           6 (60)           0.248
   Left                     6 (60)           8 (80)           4 (40)           
  Etiology                                                                     
   Infarction               7 (70)           6 (60)           7 (70)           \>0.999
   Hemorrhage               3 (30)           4 (40)           3 (30)           
  Time after stroke (day)   16.5±8.18        17.3±9.12        13.6±5.52        0.540
  K-MMSE                    23.3±8.67        23.3±5.93        22.2±8.77        0.938

Values are presented as mean±standard deviation or number (%).

Group A, CME with NMES to abdominal muscles; Group B, CME with NMES to back muscles; Group C, CME alone; CME, core muscle strengthening exercise; NMES, neuromuscular electrical stimulation; K-MMSE, Korean version of Mini-Mental State Examination.

By Kruskal-Wallis test for continuous variables and Fisher exact test for categorical variables.

###### 

Pre- and post-treatment comparison of the three groups

          Group A      Group B                                                          Group C                                                                                    
  ------- ------------ ---------------------------------------------------------------- ------------ ---------------------------------------------------------------- ------------ ----------------------------------------------------------------
  K-BBS   27.2±13.73   45.7±7.26^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^    26.4±14.43   46.3±8.82^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^    27.9±16.71   36.3±13.30^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^
  TIS     12.0±3.40    18.6±2.22^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^    12.4±4.01    19.4±2.84^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^    12.8±5.03    15.9±4.58^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^
  K-MBI   48.8±13.02   76.7±11.50^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^   42.8±19.45   75.3±15.19^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^   45.6±14.15   70.2±12.00^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^
  WDI     9.1±3.19     5.3±2.56^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^     10.18±3.70   6.35±2.34^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^    9.42±5.67    7.56±4.23^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^
  SI      46.8±21.67   33.9±14.58^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^   44.7±19.31   31.0±15.05^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^   48.3±16.86   38.4±14.71^[\*](#tfn2-arm-2018-42-5-652){ref-type="table-fn"}^

Values are presented as mean±standard deviation.

Group A, CME with NMES to abdominal muscles; Group B, CME with NMES to back muscles; Group C, CME alone; CME, core muscle strengthening exercise; NMES, neuromuscular electrical stimulation; K-BBS, Korean version of Berg Balance Scale; TIS, Trunk Impairment Scale; K-MBI, Korean version of Modified Barthel Index; WDI, Weight Distribution Index; SI, Stability Index.

p\<0.05, by Wilcoxon signed-rank sum test for continuous variables.

###### 

Comparison of outcomes among the three groups

          Δ (post--pre)   p-value                                                                                                                                                         
  ------- --------------- ------------ ------------ ------------------------------------------------------------- -------- -------------------------------------------------------------- --------------------------------------------------------------
  K-BBS   18.5±8.10       19.9±5.44    8.4±4.14     0.001^^[a)](#tfn3-arm-2018-42-5-652){ref-type="table-fn"}^^   A vs B   A vs C^^[b)](#tfn4-arm-2018-42-5-652){ref-type="table-fn"}^^   B vs C^^[b)](#tfn4-arm-2018-42-5-652){ref-type="table-fn"}^^
  TIS     6.6±1.90        7.0±2.26     3.1±0.99     0.001^^[a)](#tfn3-arm-2018-42-5-652){ref-type="table-fn"}^^   A vs B   A vs C^^[b)](#tfn4-arm-2018-42-5-652){ref-type="table-fn"}^^   B vs C^^[b)](#tfn4-arm-2018-42-5-652){ref-type="table-fn"}^^
  K-MBI   28.1±8.02       32.5±12.72   24.6±10.56   0.335                                                         A vs B   A vs C                                                         B vs C
  WDI     -3.7±1.07       -3.8±1.66    -1.6±1.65    0.051                                                         A vs B   A vs C                                                         B vs C
  SI      -12.8±8.50      -13.6±4.69   -9.2±3.16    0.252                                                         A vs B   A vs C                                                         B vs C

Values are presented as mean±standard deviation.

Group A, CME with NMES to abdominal muscles; Group B, CME with NMES to back muscles; Group C, CME alone; CME, core muscle strengthening exercise; NMES, neuromuscular electrical stimulation; K-BBS, Korean version of Berg Balance Scale; TIS, Trunk Impairment Scale; K-MBI, Korean version of Modified Barthel Index; WDI, Weight Distribution Index; SI, Stability Index.

p\<0.05,

p\<0.017, by Kruskal-Wallis test for continuous variables and Mann-Whitney U-test for post-hoc analysis.
